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RESEARCHMEMORANDUM

EFFECTSOFSOMEAIRFOIL-SllCTIOIVVARIATIONSONWING-
●

Ali2ERONROILING

FREEFLIGHT

By CarlA. Sandahl,

EE’F~TIVENE3ANDDRAGASD~ ~

AT TRANSONICANDSUPERSONICSPEEDS

WilliamM. Bland,Jr.,andH. KurtStrass

An experimentalinvestigationhasbeenmadeinfreeflightof the
rollingeffectivenessofplainaileronsin conjunctionwithwingshaving0°
and450 swephackemployingseveralairfoilsections.Thetotaldrag
of thetestvehicleswasalsoobtained.Positivecontroleffective-
nessovertheMachnumberrangeinvestigatedwasobtainedfortheconfigu-
rationswhichemployedairfoilsectionswithtrailing-edgeanglesof
theorderof10o. Reversalof effectivenesswasencounteredfor

—

configurationswithtrailing-edgesm.glesof theorderof20°. Theailezun_ .._
effectivenesswasnotappreciablyaffectedby changesintheshayeof
theforwardpartof theairfoilsection.Fortherectangularwingsnear
Machnumbersof unity,theblunt-nosesectionehadslightlylowerdrag
thandidthesharp-nosesections.At highersupersonicMachnumbersthe
dragof therectangularwingshavingshar~-nosesectionsapproached
thatof thesweptbackwings.Forthesweptbackwings,variationsof
airfoilsectionproducednomeasurabledifferencesindragfortheMach
numberrangeinvestigated.

INTRODUCTION

At thepresenttimethePilotlessAircraftResearchDivisionof
theLangleyLaborato~is engagedinan investigationofwing-aileron
rolling-effectivenesscharacteristicsat t~onic andsupersonicspe=s
utilizingrocket-propelledtestvehiclesinfreeflight.A considerable
amountof systematicexperimentalinformationrelatingtoplainailerons
onwingsof variousplan formshavingNACA65009airfoilsectionshas
beenobtainedby thetechniquesdescribedinreferences1 ani2. The
resultsobtainedhavebeensummarizedinreference3.

In orderto evaluatetheeffectsof somemjor variationsin
airfoilsectionontherollingeffectivenessofplainailerons,tests f
weremadeof configurationshavingNACA65Ao09,NACA16-009, symmetrical_ IJNI
double-wedgeandcircular-arcairfoilsectionsof ~-~ercentthichess

Y
(/ #m

ratio. Thesefoursectionsweretestedwithwingsofaspectratio3.71, ;r~,v—

.

,.

,!.
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taperratio1.0having0°and45°sweepback.Thepurposeof thispaper
.istopresenttheseadditionalresults. .—.

Thetestsweremadebymeansof thetechniquedescribedinreference1
whichpermitstheevaluationof thewing-aileronrollingeffectiveness
continuouslyovertheMachnumberrangefrom-about0.6to 1.9 atrelatively
largescale.Thevariationof totaldragcoefficientwithMachnumber
wasalsoobtained.

X.--

SYMBOLS .“

P

b

v

CD

M

R

A

wing-tiphelixamgle,radians .-.

roJUngvelocity,radiansperuecond

dismeterof circlesweptbywingtipslfeet

flight-pathvelocity,feetperseco.ti

totaldragcoefficientbasedon exposedwingarea(1.563 sqft)

Machnumber

Reynoldsnumberbasedonwingchord(0.59 ft)

aspectratio
()
~
c

c chordofwingParalleltomodelcenterline,feet

8a deflectionof eachalleronmeasureiiinplanenor~l toChora ,.
plansandpara~eltofuselagecenterline,degrees(see
fig.l(b))

%? wingincidencemeasure&,inplaneof 5a,

TESTVEEUCLESANDTlST5

Thegenmalarrangementof thetestvehicles

degrees(seefig.l(b))

is shownin figures1
Eula 2. Adtitionil pertinentinformationis”iontiiimd.h tables~“~ ~. -

‘TM.testvehicles,whichwererelativelysimple,inexpensive,and
expendable,consisted,ofa pointedcyltidri~lwooden@dy towhichthe
particularwing-aileronconfigurationunderinvestigationwasattached
b a three-psaelarrangement.Unpublishedtestsof three-andfour-panel
arrangementsindicatethat,withregardto me

-,@E!!Ef#E

.,

rolling%ffectiveness-
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characteristics,the~terferenceeffectsbetweenthewingswerenegligible.
Severaltestvehicles,differingnominallyonlyin theailerondeflection,
of eachconfigurationweretested.Themaielswerefinishedwithclear
lacquerandweresmoothandfah.

Thewingswereconstructedoflaminatedwoodandwerestiffened
bymeansof steelplatescycle-weldedintotheupperandlowerwing
surfacesas shownh figure1. Theoutersurfacesof thesteelplates
werecoveredwitha woodveneertofacilitateconstruction.In orderto
establishthatthisconstructionpossessedsufficientstiffnessto
minimizetheeffectsofwingtwisting,severaltestvehiclesof configu-
rationsw (A= 0°)and53 (A= 45°)(seetableII)havingreducedwing
stiffnesswereconstructed.Thereductioninwingstiffnesswasobtained
by reducingthethiclmessof thesteelstiffen@ platesandby using
platesofduraluminofreduced“thickness.In thisway,thewingstiffness
wasprogressivelyreducedtoaboutone-thirdof that-ofthewingsemployed
inthepresenttests.Theresultsof theflighttestsshumd.nomeasurable
variationofrolkh.geffectivenesswithwingstiffnessforthersmge@
stiffnessvaluesinvestigatedindicathgthattheeffectsofwingtwisting
onthepresentexperimentalresultsarenegligible.

—

Thewingswereconstructedwiththeaft20 percentof theairfoil
sectionsdeflectedto thedesiredsettings.Thismethod.of construction
simulatedplain,sealed,full-spanailerons.Themeasuredvaluesof
ailerondeflectionandwhg incidenceareestimatedtobe with~ kO.1°
ti *0.05°,respectively,of theactualvalues.

Thetestvehicleswerepropelledby a two-stagerocket-~opulsion
systemtoa Machnwber ofabout1.9. Duringcoastingflightfonowing
burnoutoftherocketmotor,the historiesof therollingvelocity
producedby theailerons(obtained.by meansofa smallradiotransmitter
designated“spinsonde”containedin thenoseof thetestvehicles)and
theflight-pathvelocity(obtatiedby hpplerradar)wererecorded.These
data,in conjunctionwithatmosphericdataobtainedbymeansofradiosonde,
permit-tedtheevaluationof thewing-aileronrolling-effectiveness

@parsmeter2V as a functionofMachnumber.Thedragcoefficientwas

alsoobtainedbya processinvolvbga graphicaldifferentiationof the
flight-pathveloci@-ttierelation.Thescaleof thetestsisindicated
by thecurvesofReynoldsnumberversus~ch numberinfigure3. Anmre
completedescriptionof thetechniqueisgiveninreferences1 and2.

Theaccuracy
follow- limits:

ACCURACY

of thetestresultsisest-ted tobewithinthe
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* (reproducibilityofresultsfromsup~osed.lyidentiml ‘“- “-.-
% models). . . . . . . . . . . . . . . . . . . . . . . @.ool .

* (accuracyofresultsforanyonemodelowingto ltmi-6a tationson instrumentation). . . . . . . .. . . . . @.0001

CD

M

is

of

-—. ..- u

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . @. O@?

. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . N*QJ ._

Becausethemeasurementof therollingvelocityof thetestvehicles
madewhiletherollingvelocityischanging,themeasuredvalues
J&
*V differfromsteady-rollvalues.As describedinreter=ce1, the—

measuredvaluescanbe correctedto steady-ro’ilvalues”hy“are~tion “— “- .“~
involvingthemomentof inertiaaboutthe.rollaxis,therolling
acceleration,andthe-ping b roll..Infigure4 areshownthemeasured

W withMachn&er fortheconfIgurationandcorrectedvariationsof
.

27
frcmthepresenttestsforwhichthe”correctionto ste&ly-statecondlt~ons-’-””-- ‘-

.

waslargest.Inmakingthecorrectionan arbitr~ valueof -0.2 for
thedamping-in-rollderivativewasusedovm ~theentireMachnumberrange. .
Thevalueof -0.2isveryapprc&mate@. i=_probablyConservative;it
waschosenstiplyto illustratethatthemagnitudeof thecorrectionis
negligibleforanyr=sonablevalueofthedamping-in-rollderivailve. .
Consequently,the-datapresented
steady-rollconditions.

RISULTS

Theexpertientalresultsof

figures5 and6 as curvesof the

hereinhavenotbeencorrectedto
-.

—-—

ANDDISCUSSION —

thepresentinvestigationaregivenin
“~x!ll& totaldragwing-tiphelixangle 2V

coefficientCD against~ch number.Thewing-aileronrolling-effectiyeness
characteristicsof theconfigurationstestedaresummarized.infigure7

I
~

as cmves of 2V ba versusMachnumber. ‘l%&results ‘%3figure 7 have
beencorrectedto zerowingticidencebymeansofan empiricalrelation
betweenwingincidenceandwing-tiphelixangle.Thisrelationwas
obtainedbyflighttestingseveralconfigurationssimilartothose-”-of;
thepresenttestsexceptthatthewingswereset at k“itiidenceandthe
aileronswereunreflected.Theseflightte6isindlcat~dthatthe

mduetowingincidencewasequalto1:>timestheangleincrementin 27
of incidenceInradiansfortheMachnumberrangeoftlepresenttests.

—.—.

-J—-

. —

.
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RoU.ingcharacteristics oftherectangular-wingconfigurations.-
Thewing-aileronrolEng-effectivenesscharacteristicsforthe
rectangular-wingconfigurationssummarizedinfigure7(a)showthat,at
thelowestMachnumbersinvestigatedandat anyMachnumberinexcess
of about1.2,therolMngeffectivenessisofthesameorderforall
configurationstested.However,intheMachnuniberrangefromO.88
to0.93,reversalof effectivenessforthedeflectionstestedis shown
fortheconfigurationshavingtheairfoilsectianswiththelarger
trailhg-edgeangles,thatis,theNACA16-009andthe9-percent-thick
circulararcs InthecorrespondingMachnumberrange,reversalisnot
shownfortheconfigurationshavingtheNACA65A(Io9andthe9-percent-
thickdouble-wedgeairfoilsectionsbothofwhichhavesmallertrailing-
edgeangles.‘ComparisonoftheresultsfortheNACA65Ao09section
withthoseforthedouble-wedgeairfoilsectionindicatesthatthe
variationof effectivenesswithMachnuniberisprhmrilyrelatedtothe
trailing-edgeangleandnotto theshapeoftheforward.partofthe
airfoilsection.ComparisonoftheresultsfortheNACA16-009andthe
circular-arcairfoilsectionsindicatesthesamerelation.

Rollingcharacteristicsof thesweptback-w~corcfigurations.-The
resultsinfigure7(b)fortheswept-wingcotiiguratlonshowthatthe
configurationshavingthesmallertrailing-edgeanglesexhibita gradual
variationof effectivenessovertheMachnmber rangeinvestigated.For
themodelsemployingtheNACA65AOOgandthedouble-edgeairfoilsections

/

J)-&)
thevaluesof *V ba,whicharepresentedforseveralailerondeflections,
agee randomQwithintheMmits ofreproducibilityof thetestresults
lndicati~a reasonablylinearvariationofrollingeffectivenesswith
ailerondeflectionovertierangeofdeflectionstested.Therolling
effectivenessof theconfigurationsemployingtheNACA16-009ti
circular-arcairfoilsectionsisnonlinearwithdeflectionandisreversed
forthesmallerdeflectionsovera relativelylargesuyersonlcMachnumber
range.TheMachnumberrangeoverwhichreversaloccursismuchlarger
forthesweptwingsthanfortheunsweptwings.

Dragmeasurements.-Thevariationof totaldragcoefficientwith
Machnm.uberforthemodelstestedis summrizedinfigure8. Thecurves
Infigure8were obtainedbyaveragingarithmeticallythedragofall
themodelsof eachconfigurationpresentedinfigures5 and6. It
shouldbe notedthatthetotaldragmeasurementsareinfluencedby section
angle-of-attackdistributiondueto therollingvelocity,ailerondeflection,
andby unknowninterferenceeffects.

Theresultsfortherectangularwingspresentedinfigure8(a)show“
thatthesharp-nosesectionshavemarkedlylessdragthantheblunt-nose
sectionsat thehigherMachnumbersinvestigated.At Machnumbers
approaching1.7, thedragof therectangularwingswiththedo-tile-wedge
sectionapproachesthatof thewingshav~ 450sweepback.Forthe
rectangularwingsin thevicinityofMachnmnber1, theblunt-nose
sectionshaveslightlylessdragthando thesharp-nosesect.d.ons.The
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dragriseof thedouble-wedgesectionsonthe

—

NACARML9D12

.—
rectangularwingsoccurEI‘“

at lowerMachn~ers thanfortheothersec%f-o-~tested.”Thehigher
dragof thissectionathighsu%sonicMachnumbersisprohallydueto
boundary-layerseparattintiucedby thealmup~changeo~-directionof
the

are
the
the

may

upperandlowersurfacesat themiclchordpoint.

Theresultsforthesweptbackconfigurationgivenir~figure8(b)
coincidentwithintheexperimentalaccuracyindicatingthat,for
Machnumberrangeinvestigated,the.efl’ect~~ofairfo~sectionon
dragofwingshaving45°sweepgre.sma~... .-

CONCLUSIONS j 3

Themainconclusionsbasedon theresultsof thepresentinvestigation
be statedasfollows:

1.Reversalofrollingeffectivenessofp+ainaileronson the
rectangularwingswasobtainedfortrailing-edgeangles6f theorder - “L”
of20°intheMachnumberrangefromabout0.~8to0.93.Reversalwas
notoltainedfortrailing-edgeangles.oftheofierof105.

2.Reversalo=fectivenessofplainaileronson thesweptwings
wasobtiinedfortrailing-edgeanglesoftheorderof20~-”overa
relativelylargeMachnumberrange.Reversal~q notob@inedfor
trailing-edgeanglesoftheorderof10?.

3. Theaileroneffectivenesswas notappreciablyaffectedby changes
intheshapeof theforwardpartof theairfoilsection.—-. ..

4.FortherectangularwingsnearMachnu?#ersof@ty, theblunt-
noseairfoilsectionshadslightlylowerdrag.tiandidthesharP-nose “.
sections.At thehighersupersonicMachnumbersinvestigated,the
sharp-noseairfoilsectionshadconsiderablylessbag t@n didthe
blunt-nosesections.

— .,4— ..

5. AtMachnumber1.7,thedragofthe~sweptw- havingthe
symmetricaldouble-wedgesectionwasequalto +hatofthewings
having45°sweepback.

6. Forthesweptbackwings,thevariousairfoilsec%ionsinvestigated
producednomeasurabledifferencesindragiri-theMachh–imberrange
investigated.

.-

LamgleyAeronauticalLaboratory -.
NationalAdvisoryCommitteeforAeronautics

LangleyAir-For~Base,7a.
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PHYSICAL

“Totale~osedwingarea,
Aspectratio,A . . . .
Taperratio . . . . . .
Ratioof aileronspanto
Ratioofaileronspanto

Et!&EKEI

CHARACTERISTICSOFALLTESTVXHICXES

sqft* a . ● . ●

. ..*.. . . .
.0,... .*

&posedwingspan
totalwingspano

Raticiof aileronchordtowh.gchord. . .

,
●

●

✌

✎

✎

●

●

●

✎

✎

●

●

✎

✎

✎

✎

●

.

.

.

.
*
●

Mcmentof inertiaaboutcenterlineoftestvehicle,

mg=%!zsi.....
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. . . .—

. . . .

. . . .

. .3.

● **-*

. . . .

● ☛

✎ ✎

✌✎

✎ ✎

✎✌

✚❞ ✎

.

—

*—

19563 +
: 3.71 - ‘- ‘“
● 1.00 ‘“ “--:
. 1.00
. 0.81
. 0.20 ‘- : “= ._.
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TABLEII

PHYSICALCHARACTERISTICSOF CONFIGURATIONTIHEED

●

✎

Configuration

50

115

l.lg

x17

53

U6

Wingsweepback
(deg)

o

0

0

0

45

45

45

45

%lACA
airfoilsection

65Ao09

16-009

(3)

(c)

65Ao09

16-009

(b)

(c) .

%Ininal
trailing-edge

angle
(deg)

10.6

!a..o

10.2

20.4

10.6

21.0

10.2

20.4

alhplaneparalleltotestvehiclecenterwe.
bDou_ble-wedgesectionof 9-yercent-Iihicbessratiosymmetricalwith

respectto chordltieandtolinenormal.to chord”lineatmidchord
point.

cCircular-arcsectionof 9-percent-thicknessratiosymmetricalwith
respectto chordlineandtolinenormalto chordlineatmidchord

paralleltotestvehiclecenterline.Actualmeasuredvalues
withnominalvalueswithin@.2°.

.

i
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Aileron hinge line ~
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Relative size cf angles exaggerated ~
G

Wing cambw line —,
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~T Allercn comber line

Positive vat ues are indicated

(b) Sign conventlone.
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Figure 1.- Conoluded.
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(a) A= o”.

. Figure2.-Photographsof typicaltestvehioles.
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(b) A = 45°.

Figure2.–Concluded=
—
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(a) NACA65M09airfoil section.

Figure5.-E~rhentel results.A = OO.
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Figure7.-Contjnued.
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(c) NACAl&C09 airfoilsection.

Figure5.- Continued.
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(a)NACA65Ao09afioil section.

Figure6.- Experimentalresults. A = 45°.
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Figure6.- Contiimed.. ——

—

.



NACARM L9D12

.

./2

./6’

./2

.08

-.U4

miiTfffEFrgle

l-i-+-t-l--l ‘----””c 50 ‘“o’
//&d ‘ 50 -LZ06

—–– //88 36’ -a/7
\

\

.6’ .8 /.. /2 /4 L8

A’ w

(c) I’iACAlx airfoilsection. -

.

Figure6.–Continued.



.-

26

Q

./2

.08

.04

0

./2

.06’

+4

-NACARM L9D12 — _=
.

(d) 9-percent-thickcirculer-arcairfoilsection.

.

—

.

“

.

.

~
—
.
..Figure 6.- Concluded.

~~
.

.-
.



.

b

.

.

.

.

NACARM L9D12 27

.4??4

.0/6’

.m

o
.024

.—

.0/6

al!?

u
.6!!4

.0/6.

.a29

0

‘m .6 L? M & [4 16 L8 2’0 22 &t
.0!

.0/6

.008

0

-m

I I !1(1 ! I I 1 t I I 1 I
I I l-?-t I

Ir

(a) A = OO.

Figure7.- SLutRUsryofw ingeffestivenessresults.
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Figure7.- Concluded.
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